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Abstract
Anacom MedTek, a medical device company, produces pillow speakers as their main
product line. Pillow speakers are a healthcare communications tool that allow for hospital
patients to control many entertainment and environmental components of the hospital room from
one controller. These pillow speaker devices have anywhere from 3 to 27 metal dome key cap
buttons based on their customization. Before they can be shipped to a customer, each button
must be tested to ensure that it is functioning properly. This test is currently done manually by a
testing technician. With so many buttons to be tested for each unit and a production of 100,000
units a year, Repetitive Strain Injuries have become a concern for the technicians. Such injuries
have resulted in major costs to Anacom in the last several years in the form of workers
compensation claims and lost worker time. To avoid this human factors issue this project is to
design a prototype that will automate the pillow speaker testing process to avoid Repetitive
Strain Injuries in the testing technicians while meeting specific production and usability
requirements.
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Introduction
Repetitive Strain Injuries (RSI) are a serious human factors issue in work environments
and job functions that demand simple repetitive tasks over short distances. Such repetitive
motion can cause carpal tunnel syndrome and other related RSIs and result in employees being
unable to perform certain job tasks. In cases of increased severity they may require
reconstructive surgery or in extreme cases result in a permanent disability. Currently at Anacom
several workers compensation claims have been made from Repetitive Strain Injuries (RSI) in
the Quality Control area.
Anacom MedTek‟s main product line is the pillow speaker. Pillow speakers are a
healthcare communications tool that allows for hospital patients to control many entertainment
and medical components of the hospital room from one controller. The pillow speakers have an
array of metal dome key cap buttons that are used as an interface for patients to control different
components of the hospital room. Before the pillow speakers are able to be shipped to their
customers each speaker has each button manually tested by a technician to ensure it works
properly before it is shipped. At Anacom the current system for testing their pillow speakers has
been identified as a RSI risk for the technicians. There are currently 79 design customizations for
the speakers which range from having 3 to 27 buttons per speaker. With a yearly production of
over 100,000 speakers, there is a lot of repetitive motion in the hands of technicians that poses a
great risk of RSI‟s.
To resolve this issue, this project is dedicated to creating a prototype design of automated
testing equipment which will take out the manual button pressing operation from the speaker
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testing. There were several design alternatives to choose from as well as several obstacles to
overcome in order to meet the prototype performance and design specifications.
Previously within Anacom, an original prototype design was developed and partially
fabricated in an attempt to resolve these issues, however, it was found that because of several
design and performance shortcomings it was not able to be implemented within the testing
process. This project is looking to build upon the progress of this 1st generation prototype while
overcoming the design flaws that arose.
This project is heavily based on Human Factors Engineering (IME 319) both with the
RSI‟s being a human factors issue and with designing the automated tester to have a simple
interface and be easy to operate. There are also many principles taken from Quality Engineering
(IME 430) with the testing taking place in the company‟s quality area. Work Design and
Measurement (IME 223) was used in the understanding of the current state work process and
developing how the workers will interact with the automated tester in the future. Project
Management (IME 303) principles were used in the management of the project as well as dealing
with outside suppliers and making timelines fit together. Finally Engineering Economics was
used (IME 314) to cost justify the implementation of the new mechanism.
The specific objectives for this project are as follows:


Describe the current testing process and create a plan for the new process



Research the parts that will be necessary to reach the design goals



Find suppliers for these parts and estimate their performances and costs



Create comparisons between the 1st Generation Prototype and the design changes in the 2nd
Generation Prototype Design
5



Test the solenoid components



Test the setup and breakdown times of the pillow speakers in the frame



Create a cost analysis based on the cost to make the automated tester, the cost to Anacom from
RSI’s due to pillow speaker testing, and the projected injury reduction from the automated
testers



Provide recommendations based on the analysis and testing of whether to prototype this 2nd
generation design, or determine whether significant design changes need to be made in a 3rd
generation design before being prototyped
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Background
The pillow speaker is designed to be used in hospital rooms as a control interface for
hospital patients. Some of these patients may be bed ridden or may be staying in the hospital for
multiple nights. Some common functions that can be programmed into the speaker include TV
volume control, TV channel control, TV power on/off control, nurse call, and room light
controls.
The pillow speaker has an ergonomic design for the hospital room. It is designed to
withstand being dropped many times throughout its life by patients from the height of sliding off
the bed or by a patient standing straight up. It also utilizes a thick cord for data transfer to be sure
it does not fatigue and won‟t get lost easily.
They key pad of the pillow speaker is also designed with durability in mind. The keys are
dome metal key caps. This key cap design is good for the robustness of the environment they are
designed for as well as the „clicking‟ user feedback when a button is pressed. The device chosen
to press the metal dome key caps down in the 1st generation prototype design were tubular
electromagnetic solenoids. An electromagnetic solenoid is a device that is able to transfer electric
energy into projecting a pin to move with force in a linear direction. The two major types of
these solenoids are push and pull solenoids. For this original prototype, push solenoids were
selected to have the pin push the pillow speaker button down and then return to its original
position. This very closely models the use of a human finger pushing the button down and then
releasing shortly after. Because of the robust nature of the key caps there were some problems in
the 1st generation prototype design. The electromagnetic solenoids did not have enough force
output to effectively push down the key caps. Upon further testing the solenoids finally started
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developing enough force to effectively push the buttons down after turning the voltage up to 67
volts. This voltage level was way over the solenoid specification level which would likely lead to
inconsistent performance results from the solenoid over time. Additionally working at that high
of a voltage made the work environment unsafe and was a poor use of power.
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Literature Review
Solenoids

One area of research for this project is selecting a device to physically press the pillow
speaker buttons. In the original prototype solenoids were used for this function. Two types of
linear solenoids were researched: electromagnetic and pneumatic.
One characteristic of pneumatic solenoids is adequate power can be provided at any place
where it may be required without any regard to position or direction. (Fawcett, 1979). Pneumatic
controls give them the ability to provide semi-automatic and fully-automatic control more readily
than any other method. Some major notable advantages of using hydraulics are:


The ease with which relatively large forces can be applied at low speeds.



A wide range of speeds for either linear or rotary motion with the minimum equipment.



Straight line to and fro oscillating motions are more easily controlled than by any other
method.



As the power is transmitted through pipes and flexible hoses, restrictions on the relative
positions of parts of the machine are almost eliminated.



Hydraulic motors and cylinders are the most compact means of applying power and can
be accommodated in a quarter or even less of the space taken by, for example, and
electric drive.



By adopting electro/hydraulic controls the best features of both can be applied. Electricity
for picking up signals from switches and tracing styli and for following a pre-arranged
sequence with hydraulics for applying the power.
9

(Fawcett, 1979)

Electromagnetic Solenoid Characteristics

In researching the design elements of electromagnetic solenoids several unique elements
present themselves. These include force output, power, and cooling of the component. For the
power relation of electromagnetic solenoids that with the magnets there is a concern about the
amount of power required to generate a given magnetic field. (Montgomery, 1969) To increase
the power of the solenoid the power needs to be increased. This drives the pin through the
stronger electromagnetic field and produces a stronger force.
For the cooling of the solenoid the average (mixed mean) fluid temperature rise is a
function only of the power in the magnet and the total flow. (Montgomery, 1969) This is an
important aspect of the design to consider for the allocation and selection of solenoid types and
designs.

Pneumatic Solenoid Characteristics

The distinctive characteristic of air is that it is highly compressible. There is therefore no
shock load in applying this power source because the pressure will be gradually built up to the
degree necessary to cause motion. The speed of this build-up depends chiefly on the rate of flow.
(Johnson, 1975)
If components of a pneumatic system have been designed to take the force of the load
necessary for successful operation there is no danger of damage, since the forces applied can be
closely controlled. This is very important for the testing application because the buttons are a
10

wear item and can be damaged if excessive force is used in the testing. The pneumatic solenoid
will hold in place under pressure until returning it to its original position. (Johnson, 1975)
One major concern of pneumatic actuators is the leakage of air and its efficiency. This
issue is addressed in the solenoid design with good lubrication within the sealing (Johnson,
1975). With this said corrosion may be a serious problem for pneumatic actuators and should
always be considered when selecting material for these actuators. (Johnson, 1975)
Another crucial component of the actuator usage will be the actuator recovery speed. The
actuator needs to meet certain testing speed goals. I found that in a pneumatic system, actuator
speed is determined by how quickly the actuator can be filled and exhausted of air. In other
words, the speed of a pneumatic actuator depends upon the force available from the pressures
acting on both sides of the piston, a result of the volume flow (cubic feet per minute) into the
inlet and out of the exhaust port. (Lanskey, 1986)
Selecting the parts and creating the system is only a small portion of the design
responsibility. The useful life of a machine is directly related to its maintainability. (Lanskey,
1986) Possible solenoid failures include spring failure and possible temperature spikes. High inrush currents in AC could cause current spikes which could hinder the performance of the
solenoid.
Noise needs to be taken into consideration in the durability and life of the solenoids.
There is a definite relationship between noise and vibration. Since both of these, above a certain
level, are harmful to man‟s nervous system and also to structural components in machinery,
much research has been done to reduce them in fluid power for industrial use. (Johnson, 1975)
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The levels of sound and vibrations the mechanisms give off should be taken into consideration
before finalizing the design.
In this section I researched some sources on the best way to approach the ergonomic
design. The whole reason for the machine design is to take away the repetitive motion of the
technician during the testing. However, if the machine is difficult to use the technician may
choose to not use the machine. It is important to take several things into consideration to ensure
the machine is user friendly. One of these important considerations is that people vary. (Konz,
2000) The machine should be designed so that it can be easily used by all people. Areas of focus
mainly include arm reach, finger size, and hand size. Another thing to consider is the best way to
educate the workers on how to use the machine. (Konz, 2000) The goal of the machine design
should be to make it as intuitive and user friendly as possible.

Carpal Tunnel Syndrome

The purpose of this project is to help prevent repetitive strain issues including carpal tunnel
syndrome. In carpal tunnel syndrome the ligament roofing the carpal tunnel is cut. Unfortunately,
the surgery does not always prevent the problem from recurring. (Konz, 2000) It has been
reported in a study that in Maine, 25% of Worker Compensation cases were still off work 18
months after surgery for CTS. (Zehel, 1997) Also, surgery can‟t help if the nerve has been
permanently damaged. (Konz, 2000) Carpal tunnel syndrome involves damage to the nerve
going to the thumb and the three adjoining fingers. Compression can occur for many reasons
including the inflammation of the tendons. (Pinsky)
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Automation Systems

Four main elements required for an automated system are power, program of instructions,
control systems, and the process. (Groover, 2008) Another consideration for the automated
process will be the process parameters for the program of instructions. (Groover, 2008)
Naturally, for our customization of the automated system each parameter will execute unique
process variables to match the unique button arrays for about 80 different pillow speaker
combinations. Our process parameter values will be discrete amongst all the combination types.
The Groover text gives some suggestions for different maintenance and repair diagnostic
subsystems which include status monitoring, failure diagnostics, and recommendation or repair
procedure. These procedures will be instrumental in the data feedback system that will be
integrated into the system.
The automation machine will be using a contact inspection technique (Groover, 2008)
where the purpose of the probe is to measure or gage the object in some way. What we are
testing is if the metal conductance of the button is functioning when the linear actuator pin
presses the button down.

Considering adjustability is a good idea for the product design

(Pinsky). The automated mechanism itself will definitely be designed in a way so that it can be
used by all body types.
The Soloman texts gives good insights into the importance of computer integrated
manufacturing (CIM) and how the effective use of sensors and control systems can greatly
increase the usability and utilization of our automated system (Soloman, 1994). The advantages
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listed include database management, system integration, regulation of maintenance, and repair
schedules.

Cost Research and Workers Compensation

The cost component of this project is concerned with the possibility that a worker is injured
on the job from a repetitive strain injury and what kind of costs could present themselves in the
forms of workers compensation, lost productivity time, and lawsuits. Some possible lawsuit costs
include:


Lost productivity of the people involved in the lawsuit



Lost time of in house lawyers and personnel department



Poor reputation with investors and customers



Poor morale in the workplace

(Risser, 1993)
95% of lawsuit cases related to companies do not go to trial and are settled out of court. Most
lawsuits that are settled out of court come quickly and are usually the amount of a few months
pay.
Four key guidelines that companies can follow to protect themselves from lawsuits are:
1. Be consistent
2. Have a legitimate business reason for every decision
3. Document events
4. When in doubt, call an expert
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(Risser, 1993)
All companies should become familiar with the Occupational Safety and Health Act
(OSHA) that has been in effect since 1970 that sets the minimum requirements every employer
must meet to have a safe workplace in the areas of safety and health. On top of the Federal
OSHA, California has its own OSHA laws that companies must follow on top of the minimum
Federal mandates.
In Summary the Five Main Requirements under OSHA are:
1. Provide a safe workplace
2. Train employees about potential hazards
3. Keep records of injuries and illnesses
4. Post warnings and notices
5. Notify OSHA of major accidents
(Risser, 1993)
Repetitive Strain Injury (RSI) is the fastest-growing category of job-related disabilities.
In 1990, it allegedly caused more injuries than any other workplace danger. (Risser, 1993) For
our situation at Anacom it is unlikely that any sort of injuries associated with testing of the
pillow speakers by hand or RSI will result in a lawsuit, most likely just workers compensation
and possibly some lost worker time. Usually, employees who suffer a work-related injury are
limited to the benefits provided by workers‟ compensation; that is, the employee may not sue the
employer for the injuries. (DelPo, 2010) In general the benefits provided under most workers‟
compensation programs include periodic cash payments for lost wages; medical benefits; and
rehabilitation benefits for the worker during disablement. (Jasper, 2008)
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Statistics demonstrate that efforts to reduce workplace injuries have had positive results.
Since the 1970s there has been a 50% reduction in workplace fatalities, and occupational injury
and illness rates have been steadily declining. (Jasper, 2008)
Workers compensation is an insurance that employers must pay into. Like any insurance
the more injury claims the company makes the higher the rates will be. (DelPo, 2010) Even
though the cost won‟t be as extreme as paying out of pocket it will still be a cost in increasing
insurance premium rates and lost time from employee injury.

Anacom MedTek

Anacom-MedTek is a dynamic company founded on and dedicated to providing state of
the art engineering and quality products to the healthcare industry, and always at a reasonable
price. Anacom-MedTek was founded in 1968 by William and Darline Haines. Current President
and CEO Daniel S. Haines continues this commitment to quality and service which have been
the cornerstone of Anacom-MedTek since its founding. Located in Anaheim, California,
Anacom-MedTek has a complete on site engineering, custom manufacturing, administrative,
customer service and sales department to support the customers healthcare equipment needs.
(Anacom, 2010)
The main product line sold by Anacom is Pillow Speakers. They are essentially remote
controls designed for hospital room patients to control different parts of the hospital room from
TV‟s, to bed motors, to nurse calls. Each pillow speaker also has speakers on the side so each
individual patient is able to listen to entertainment media without possibly disturbing fellow
patients. (Anacom, 2010)
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The pillow speakers have a high number of customizability options from the unique
button arrays, able to be digital or analog, and are able to be customized and programmed to a
very wide variety of TV programming configurations so the speaker can control the TV
functions. The pillow speaker has a very ergonomic and user friendly design. The buttons are
easy to press with their metal dome key cap design. It is also designed to be able to withstand a
good amount of physical damage before failure, as it is likely that it may fall off hospital beds or
slip out of patient‟s hands quite a bit in the products lifecycle. (Anacom Website)
Sizing and placement for this new solenoid design will be very important. Many solenoid
websites have a variety of solenoid types in all shapes and sizes. From the original prototype
design and the new array ideas it seems as though as tubular push solenoid will fit best. (Ledex,
2010) (Deltrol Controls, 2010)
Another component we are considering implementing in the new design is a linear
actuator. This will allow for less solenoids in an array and allow for maximum customizability.
Through investigating a wide variety of possible actuators the MP Series Miniature Precision
Linear Actuators made by Specialty Motions Inc. seemed like a good fit for our pillow speaker
size and speed requirements. (Specialty Motions Inc., 2010)
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Design
In this section an overview of the design of the project will be presented. This project is
creating a 2nd generation design to solve the problem of how to prevent RSI‟s in the Quality
Control department. Much of the design of this 2nd generation prototype was inspired from a 1st
generation prototype that was designed and physically constructed. Below there will be an
analysis of this 1st Generation prototype including what was effective and what the major
shortcomings were. Following that will be the specific design and performance goals for the
prototype. Following that will be descriptions of the current state process for testing the pillow
speakers and describing the 2nd Generation design and approach and concluding with the design
for how the system will be integrated.

Prototype 1st Generation

st

Figure 1: 1 Generation Prototype Picture

(Many additional helpful visuals for this section can be found in Appendix A)
This 1st Generation Prototype was the first attempt at solving the RSI problem in the
Quality Control department with the testing of the pillow speaker buttons. This design utilized an
aluminum frame with plastic bumpers drilled at different spot on the inside so one pillow speaker
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could fit snugly without moving. The frame and the fitting of the pillow speaker inside is a good
design and will be carried over into the design of this 2nd Generation Design.
The buttons were pressed down with twenty one electromagnetic solenoids model S-1050-31-H produced by Magnetic Sensor Systems. The solenoids were laid out in three rows with
two height levels. There were four solenoids in row one, three in row two, and four in row three
for the first level and four for row one, three in row two, and four in row three on the second
level. There were two major problems with this solenoid design. The first was that the solenoids
were required to be quite small in order to accommodate the button distances on the pillow
speakers. If larger solenoids were selected they would not have been able to access all the
buttons needed for the testing. Because of the small solenoid size (1/2” diameter by 1” length)
the solenoids were not able to generate nearly enough force at the designed voltage level to push
down the buttons on the pillow speakers. Further testing was conducted and it was found that at
67 volts the solenoids were finally able to generate enough force to press the button down fully.
This is an unsafe and unrealistic voltage to continually run testing for hours at a time on a daily
basis.
Another major flaw with this design was even with the twenty one solenoids it is not able
to test every one of the 79 different button arrays. Some of the speaker arrays have up to 27
buttons which would leave out six buttons. Also, it is unclear if the twenty one solenoid layout
was even able to access every button for every array combination which means even more
buttons would be left out from the testing. The fixed solenoid locations proved to be very
inflexible and not sufficient for the design goals.
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The last flaw of the original design is that it is not automated. The only way the time
requirements will be able to be met for this tester is if the machine is fully automated. That part
of the design will need to be developed in this next generation prototype.
Although there were several major design flaws in this first attempt, there were a lot of
important concepts that were learned. The deliverables and performance expectations were
changed slightly from what was learned. In all likelihood it is possible that several prototype
designs will need to be developed before one is able to go live with the actual button testing.

Design Requirements for 2nd Generation Prototype

Figure 2: Picture of Pillow Speaker

There are several specific deliverables that need to be accomplished with this new prototype
design. They are:


Automated tester must be able to test 100,000 pillow speakers a year. Tester must be
robust.



The run time of the tester must be under 10 seconds.



The set up time must also be under 10 seconds. This includes loading the pillow speaker,
turning on the automated sequence, and unloading the pillow speaker.
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Maintenance on the tester should be at a minimum and easy to accomplish.



The pillow speaker tester should be able to accommodate any pillow speaker made by
Anacom.



The design and use of the tester must be economically justified. The cost to buy,
assemble, run, and maintain the automated tester must result in savings compared to the
costs that result from RSI‟s.



The automated tester must be quiet while it runs.



The tester must be fully automated.

Documentation of Current State Process
In order to understand the deliverables and expectations for this new design the current
state process needed to be understood and documented. Previously Anacom did not have their
entire process documented. The only documentation came in the form of programming work
instructions. (This document can be found in Appendix E.) The importance of this new document
is Anacom now has a standard to benchmark against. The next project team that takes over the
design will have an easier time becoming familiar with the process. They will then be able to
understand how to integrate the design requirements into the new design and build off of the
existing work progress.
There are some important things to note on how pillow speakers are currently processed.
The first thing is the pillow speakers have 79 documented key layout combinations. Each of
these 79 pillow speakers are unique and therefore require different programming to perform the
testing on them. Therefore the testing technicians process the pillow speakers in one big batch at
a time. They do this so that the set up time of one speaker type which may take anywhere from
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five to ten minutes can be set up once for fifty to a hundred speakers. Also, by processing the
testing in a batch formation they are able to more easily keep track of which speakers have
passed and not passed the testing requirements and organize between which speakers have been
tested from the ones that have not. This is important because the pillow speaker cases all look
very similar and it would become very confusing if multiple batches were tested at once. There is
also not a lot of storage space for the speakers in the testing area. The testing area itself is not
very big; only ten feet by 24 feet.

Figure 3: Quality Control Work Area

This set up style is expected to carry over into the design of the automated tester. The
programming tester setup will only need to be done one time for the whole batch. Therefore the
automated set up will be the time it takes to install the speaker, press the button, and remove the
speaker. (Description of the programming process can be found in Appendix E)
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Because the speakers are processed in batches by speaker type, the bigger the batch size
the more times savings of the overall setup per speaker tested. This idea is described in the
equations below.

Total Average Cycle Time = (Overall Programming Set Up / Number of speakers tested) +
(Average Run Time + Average Tester Set Up)

Average Tester Set Up = Time to load pillow speaker + Time to press button + Time to remove
pillow speaker

As the „Number of speakers tested‟ goes up the „Total Average Cycle Time‟ goes down.
These expected run times will help in determining what the solenoid performance requirements
will be as well as the linear actuator requirements.

Formulating the staggered Solenoid Design
The major challenge of the solenoid design for the tester is that it has to be able to test 79
unique button arrays on the pillow speaker. The original design was too complicated attempting
to have one solenoid for each button on the pillow speaker. Not only did this array design make
the tester way too complex it also limited the range of how many speaker types it was able to
test.
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A new design was required for this next generation prototype that would solve both the
problem of complexity and the problem of flexibility. The goal, therefore, is to create a design
that is able to accomplish testing every button array type possible while using the least amount of
solenoids possible.
The design proposition was a 5 solenoid design that staggered two solenoids in the back
with three in the front.

Y-axis
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11

Solenoid Row 2
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12
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Solenoid Row 1

X-axis
Figure 4: New Solenoid Array Design

Based on the schematics for the 79 button array combinations all of the buttons fell into
three categories based on their button location on the x-axis. (A figure of the 79 pillow speaker
combinations can be found in Appendix B.) There were the standard buttons, the pointer buttons,
and the enlarged twin buttons. From breaking the buttons into these three categories as they are
separated in the x-axis It was determined that this array setup is able to accomplish testing any
speaker design. Standard buttons are defined as those that have their centers all line up on one
vertical axis in three rows. In Figure 6 below it can be seen that the arrow buttons pointing
straight up and straight down are still referred to as standard buttons and not pointer buttons
because their center is still on one of three vertical axes. The two pointer buttons have their
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center along their own vertical axes as do the enlarged twin buttons. From observation it was
found that the center of the enlarged twin buttons and the pointer buttons were on the same two
axes. This was an important finding because it meant that the staggered Solenoid Row 2 (Figure
4) could service both button combinations. With this observation it is unnecessary to add an
additional third solenoid row just to service the enlarged twin button type.

The
enlarged
twin buttons

Figure 5: Enlarged twin button example
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Examples of the
standard buttons
The two
pointer
buttons

Figure 6: Pointer and Standard Button Examples

The testing of each button is under the assumption that the pin must hit as close to the
center of the button as possible. This will give the most reliable results. This ensures that if there
is an accuracy issue in the solenoid meeting the button, the solenoid‟s tip will still be able to
effectively push the button down far enough to test the conductivity effectively. If in the design
the solenoid array was set up so that it at least hit some part of the button and not the center, any
sort of skew in the installation would result in varying results and unreliable performance.
Therefore we set the solenoid tip hitting the center of the buttons as one of the design parameters.
The proposed design above is able to hit every button in the center with at least one of the
solenoids. Because the solenoid array is only two layers deep there in the y direction, there must
be some sort of engine that drives either the solenoids or the pillow speaker along the y axis to
hit all of the buttons.
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Selecting a Linear Actuator

Figure 7: MP3-xHL-SD Linear Actuator Chosen

With the proposed solenoid array design, a linear actuator is now needed to drive along
the y-axis so the full range of buttons can be tested. There are two design approaches for the
linear actuator. The first is the actuator can move the solenoids linearly along the y-axis while
the pillow speaker remains stationary. The second alternative is the solenoids can remain fixed
above in the frame while the pillow speaker is locked in a carriage on the actuator table and is
moved along the y-axis. For the design of this prototype the second design alternative was
chosen with the fixed solenoids and the pillow speaker moving. This design was chosen because
it seems easier to have the actuator fixed on a flat surface on the bottom as opposed to the driver
engine up in the air. There seems to be more stability in having the actuator on the lower level
and the solenoids fixed in the above framing.
The performance requirements were calculated for the linear actuator according to the
most complex pillow speaker with the most buttons. (Graph that displays the calculation data can
be found in Appendix D). The most complex pillow speaker has 11 rows of buttons. With the
staggered solenoid design, however, it was calculated that only require 10 vertical steps are
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required to hit all of the buttons on any of the most complex button arrays with 11 rows.
Therefore, in theory, the maximum amount of time any speaker will take to be tested will be one
of these complex arrays. Looking at the table (Appendix D) it was calculated that in order to
make a 10 second run time for a complex pillow speaker the linear actuator will have to be able
to move a distance of .416 inches and get settled in .16 seconds. The other big jump the linear
actuator must be capable of making is traveling a distance of .731 inches in .26 seconds. The
rates for each of these movements are 2.6 inches per second and 2.811 inches per second. This
comes to be .2167 ft/sec and .2343 ft/ sec. These speed requirements do not seem too demanding,
however, considering that they are expected to move to their exact positions and be set up in
fractions of seconds and ready to move again in fractions of seconds later these are actually
substantial expectations that will require a very high accuracy actuator. Again for this section of
determining the actuator requirements only the highest demanding cases are being tested. The
actuator spanning distance to reach all of the buttons on any pillow speaker is 4.25 inches.
Another requirement of the linear actuator is the capability to have the controls be
programmed and integrated into the total electronic system. Because the system needs to be
automated the actuator will not only need to be able to follow a strict timing regiment but will
also need to be able to receive feedback from the solenoids and from the system that records
whether the button that was pressed passed the inspection. This integration is very important.
One of the concerns that arose was which kind of control system hardware to select. According
to the experience of Anacom‟s head electrical engineer, if the control system software was
Windows based it may be likely the processing power would be insufficient to make our times
requirements because Windows only dedicates a fixed amount of its hardware processing to
controls. For this reason it will be necessary to develop our own user interface and program the
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hardware ourselves. This is outside of the scope of this portion of the project but is still very
important for the future system integration.
The last requirement is that the actuator will need to be robust enough to withstand
outside forces acting on it. These forces include the weight of the pillow speaker resting on it as
well as the force of the solenoids pressing on the pillow speaker. These outside forces must cause
microscopic to zero change in accuracy or performance from the linear actuator. After searching
for a product among several possible suppliers the actuator chosen was the MP3-xHL-SD from
Specialty Motions Inc. After talking with the supplier in person with the data talked about above
and in Appendix D, Specialty Motions Inc. confirmed that the MP3-xHL-SD should be able to
meet all of our design and performance specifications.

Frame Design
As described in the Prototype 1st Generation section above, the frame was very well
designed in the 1st Generation Prototype. The new design will look to utilize as much of the first
frame design as possible including how it was made, what materials were used, etc. The only
major difference in the design is that the new frame will need to accommodate for the
introduction of a linear actuator. This means that the bottom of the frame will need to be
redesigned. Instead of the bumpers for the speaker to fit snugly into the frame area, a bracket
system will need to be designed to be attached to the moving table of the linear actuator. These
are simple design changes. There will need to be a section to the right side of the frame where
the linear actuator can be fixed in.
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Automation: Controls, System Feedback, and Interfacing
Making this new design automated is one of the most significant changes as opposed to
the 1st Generation. The automation will be accomplished through different controls, system
feedback, and the interfacing.
The plan for how to run the automated process is to simply press a button attached to the
frame of the tester. The button interface will likely have three main buttons; a green button to run
the test, a red button to pause the process, and a blue button to return the system to the starting
state. All of these capabilities have been reviewed with the head electrical engineer of Anacom
who will be the one that programs all of the controls logic. The details for this programmable
logic is outside of the scope of this portion of the project and will likely not be implemented until
one of the new designs is physically constructed. It is important to note however that all of these
areas have been reviewed and are projected to be within the capability of the Anacom
engineering team.
System feedback is going to be an important component to the automation of the system.
The current system for feedback on whether a button is functioning is an LED feedback system
where a green LED is lit when the button is pressed if it is functioning. A new interface to be
implemented in the Quality Control area is a graphic layout of the pillow speaker on a screen
above the technician. As the technician tests each button the screen will shadow in whether the
button is functioning. This new system will be integrated into the Quality Control area soon and
will therefore also be integrated into the automated testing system. This graphic feedback and
interfacing system makes identifying malfunctioning buttons much easier. Another important
part of this feedback system is the nature of the button testing. At times a functioning button is
pressed but will show up that it is not functioning. Oftentimes the tester simply needs to press the
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metal dome key cap button one or two more times and it will be confirmed as working properly.
This feedback system is planned to be integrated into the automated system. A signal will need
to be passed on after each button is tested before the next solenoid will be allowed to fire. If a
button is shown to not have passed the first test, the automated tester needs to have the same
solenoid to continue firing several more times before the conclusion that the speaker is faulty can
be made. These system requirements have also been reviewed by the head electrical engineer and
were taken into consideration when the other system components were selected.

System Integration
The final major design consideration is designing all these individual components in a
way to ensure that they will all integrate together properly. The order of the system integration
will likely go as follows. The solenoids will be purchased and tested to ensure they meet the
force and performance requirements. The linear actuator will be purchased and tested. A fixture
will be made to tightly attach the pillow speakers to the linear actuator table. This fixture must be
designed in a way to quickly attach and unattach the pillow speaker while ensuring that it is
firmly in place while being tested. Once these components are shown to function properly
individually, the final frame design can be made and integrated with the solenoids, linear
actuator, and the pillow speaker. From there the controls, feedback, and interface systems can all
be programmed and linked together for the final system.
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Method
In this section there will be descriptions of how different design elements were tested.

Calculating Linear Actuator and Solenoid Time Requirements
A description of this data was referenced in the Selecting a Linear Actuator section of the
Design portion of the report. The graphs for this data can be found in Appendix D.
The calculations for the linear actuator were found by first starting with what the run time
deliverable goal was and working backwards. Once the run time goal was determined, the
number of steps needed to span every row of buttons on the pillow speaker. The solenoid testing
was broken up in a similar way. Overall we had 10 seconds for two different function types: the
firing of the solenoid and the moving of the linear actuator. We chose the most complex pillow
speaker button array with a total of 27 buttons with 11 rows. From the staggered solenoid design
this translated into 10 linear steps. One of the unique constraints of the button testing is that each
button must be pressed one by one. If two buttons are pressed simultaneously the testing will not
work properly and the buttons will need to be pressed one by one to ensure their proper
functioning. Because of this testing constraint no time is able to be saved by firing all the
solenoids in a row at the same time.
Therefore, the solenoids have specific time requirements. They were estimated to need to
be able to fire and release in a time of .23 seconds. This is projected to not be much of a problem
because of the electronic nature of the solenoid. The solenoid pin fires when current flows
through the solenoid and recoils immediately after the current is cut away. There is little to zero
come-down time as the current leaves for the pin to return to its normal state. Because of this
unique characteristic, the control of the solenoid speed is a function of how accurately the
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controller is able to control the current switch, which is very fast. Another component to the
recoil is how effective the spring is. The spring is what makes the solenoid pin want to return to
its original state once the current is turned off. With the right springs this should not be a
problem.

Calculating Solenoid Size Requirements

Figure 8: S-10-50-31-H Push Solenoid 1/2" diameter by 1" length

The size requirement for the solenoids was an interesting obstacle. According to the
measurements for how the solenoid array will need to be laid out, the solenoid diameter is able to
be a maximum of 0.566 inches. This calculation is constrained by Solenoid Row 1 (Figure 9)
because of how close together the buttons are along the x-axis on the pillow speaker. Although it
may be possible to have larger solenoids in the Solenoid Row 2, because the constraint is larger
it seems as though keeping all the solenoids the same is a prudent choice. Keeping all the
solenoids the same makes troubleshooting easier and reduces variability in the process.

33

Figure 9: New Solenoid Array Design

Testing Solenoid Force Requirements
For testing the solenoid force requirements a 1” diameter by 2” length tubular solenoid
was used similar to the one pictured below.

Figure 10: Example of a 1" diameter 2" length push tubular solenoid

A set up of the solenoid was created with the pillow speaker held in place by two blocks of
wood. The solenoid was connected to a variable power supply to determine what voltage
requirement was necessary to fully activate the button with the pin. The solenoid was held in
place by hand while the current switch was turned on by manually connected by the lead clamps.
It was then determined whether the pin was able to fully drive down the button by observing
whether the button was fully pressed and by listening for the audio „click‟ feedback that results
from a full button press.

Frame/ Pillow Speaker Interaction
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Figure 11: Pillow speaker fitting into the frame

A time study was taken to estimate the set up and breakdown time as the pillow speaker
interacted with the frame. The assumption was that the 1st generation prototype frame will be
very similar to the final frame assembly so testing the pillow speaker set up times will be a good
rough estimate of the actual set up time. This test was done by having a tester take a pillow
speaker, secure it into the frame, and press the fictional automation Start button. The second part
of the timing was having a set up pillow speaker in the frame and removing it and setting it on
the finished speakers rack. The goal of these timed estimates is to determine whether the set up
and breakdown time falls within the goal of 10 seconds. Because of the simplicity of the task it is
assumed that there is no learning curve. We gave the participant five non recorded trial runs to
become familiar with the process.
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Results
This section will review the results that were obtained in several performance tests and
also give the economic justification.

Solenoid Force Test Results
As described in the Methods section, force testing was done with the solenoids and the
pillow speakers to ensure the solenoids have the force capability to press the buttons down fully.
An initial problem arose. Because of the array design size constraints the only solenoids that will
fit that array are ½” diameter solenoids which are the same diameter of the ones that were used
in the original prototype design. Past data on the testing of these solenoids showed that the
voltage had to be powered all the way up to 67 volts in order for the solenoids to gain enough
force to press the buttons. This voltage is way over the suggested design range for the solenoid
and would result in inconsistent performance overtime. Also, working at 67 volts is very
dangerous and is not an effective use of electric energy resources.
Because of this constraint a larger diameter solenoid was purchased and tested under the
assumption that if they met the force requirement a design alternative could be developed that
would be consistent with the proposed array. The solenoid tested was a 1” diameter by 2” length
solenoid. This larger solenoid has a larger force capacity and was expected to produce a force
around what was needed to meet our force requirement.
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The testing results were similar to the smaller solenoids. The 1” diameter solenoid did not
come close to meeting the force requirements at the designed voltage level and the voltage had to
be raised to 30 volts to start getting consistent results for the pin pushing down the button.

Pillow Speaker Set up Time Study Results
Time study results were taken to determine whether the setup and breakdown would fall
under the required 10 seconds allotted for this operation. The results were as follows:

Average
SD

Set Up
(s)
5.32
0.35

Breakdown
(s)
4.23
0.45

Total (s)
9.55

The results show that on the average the setup plus the breakdown time came to be under
10 seconds. This data is a good indication that the goal of 10 seconds for set up and breakdown
can be met.
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Cost Analysis
This section is dedicated to the cost justification of implementing a functioning pillow
speaker tester. The major assumption is that by using the tester to take away some of the work
done by the technicians with the button pressing the amount of repetitive strain injuries and the
costs that come with them will be significantly reduced. There are usually two to three
technicians working in the Quality Control area at a given time. From this data the assumption is
that the reduction in cost per how many machines are in the area will be as follows:
1 tester
2 testers
3 testers

50% reduction
75% reduction
90% reduction

An additional assumption is that the risk of RSI occurring in the Quality Control area can never
be 100% eliminated even if none of the technicians are required to manually test the pillow
speaker buttons. Therefore at a maximum of 3 automated testers the assumption is there will be a
90% reduction in occurrences.
Automated Tester Cost Estimate
Cost of
components

# of
parts
Engineering/Machining
Cost

Linear Actuator

1

3,000.00

Solenoids

5

-

Metal Frame

1

300.00

Materials
Cost

Total

Tax

2,344.00

5,344.00 1.09

20.72

103.60

1.09

500.00

800.00

1.09

Est.
Shipping
Cost

Grand
Total
5,811.60

20.00

132.67
870.00
6,814.27
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The automated tester cost estimate data was gathered in different ways depending on the
parts. The linear actuator estimate was obtained from getting a quote from the supplier Specialty
Motions, Inc. The solenoids cost estimate was obtained from the website of Magnetic Sensor
Systems. The metal frame estimates were based on the cost of material and labor from the
previous frame that was developed in the original prototype. The figure of $6,814.27 is the total
estimated cost of producing one automated tester.
Anacom Workers Compensation Claims in Quality Control
Anacom‟s data for losses incurred due to RSI in the Quality Control area are from 1998
to 2009. Because there is variance in how much each claim pays out and in which years costs are
incurred the value used in the rest of the analysis is the yearly expected cost which is $14,299.55.
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Savings Analysis

Assuming 1 tester
used

Assuming 2
testers used

Average cost
Average cost
savings per year
savings per year
of workers comp
of workers comp
7,149.77
10,724.66
Average cost per
Average cost per
year of
year of
automated
automated tester tester
3,747.85
7,495.69

Assuming 3
testers used
Average cost
savings per year
of workers comp
12,869.59
Average cost per
year of
automated
tester
11,243.54

Total Estimated Savings
1 Tester
3,401.93
2 Testers
3,228.97
3 Testers
1,626.05

The above information shows the savings based on how many testers are used. Every tester use
combination shows a positive cost savings. Some important assumptions to note in the above
calculations are that there is a yearly maintenance cost that is equal to 10% of the price for
producing the automated tester. Each total cost of the testers is divided by two for the two year
working life assumption of each tester. Therefore the yearly cost will be divided by the two year
assumed working life.
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Sensitivity Analysis
If Benefit is
different
than
expected
-50%
-40%
-30%
-20%
-10%
0%
10%
20%
30%
40%
50%

Savings 1
Tester
-172.96
542.02
1,257.00
1,971.97
2,686.95
3,401.93
4,116.90
4,831.88
5,546.86
6,261.84
6,976.81

Savings 2
Testers
-2,133.36
-1,060.90
11.57
1,084.04
2,156.50
3,228.97
4,301.43
5,373.90
6,446.37
6,803.85
6,803.85

Savings 3
Testers
-4,808.74
-3,521.78
-2,234.82
-947.86
339.09
1,626.05
2,913.01
3,056.01
3,056.01
3,056.01
3,056.01

The above sensitivity analysis gives an idea of whether the product would still be worth
producing depending on if some of the assumptions were changed. The data above shows that for
one tester, even if the benefit went down to 30% reduction in injury claims, it would still be cost
effective to use the automated tester.
Breakeven Point
Below are the equations for calculating the breakeven point. It is important to note that in
all of the sections it is assumed that the automated testers will have a two year operating life. It is
very likely they will be able to operate for longer but for the sake of the analysis the assumption
is two years. Because of this assumption it is important that all of the breakeven points come
well before the two year mark. The data below shows that all three possibilities breakeven before
year one.
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Expected cost per year equation: y = 14,299.55x
1 Machine equation: y = 6,814.27 - 7149.77x
2 Machines equation: y = 13,628.53 - 10,724.66x
3 Machines equation: y = 20,442.80 - 12,869.59x
Setting the equations equal to each other the breakeven point for each is:
1 Machine = .318 years
2 Machines = .545 years
3 Machines = .752 years
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Conclusions
In summary the project problem statement is for Anacom MedTek‟s pillow speaker product
each button must be tested by a technician manually to ensure that the buttons are functioning
properly. With over 100,000 pillow speakers processed a year the manual pressing of the pillow
speakers with up to 27 buttons per speaker has caused Repetitive Strain Injuries in technicians in
the Quality Control area. These injuries have resulted in financial losses to Anacom through both
lost worker time and workers compensation costs. To avoid this human factors issue this project
is to design a 2nd Generation Prototype that will automate the pillow speaker testing process to
avoid Repetitive Strain Injuries in the testing technicians.
The project objectives were as follows:


Describe the current testing process and create a plan for the new process



Research the parts that will be necessary to reach the design goals



Find suppliers for these parts and estimate their performances and costs



Create comparisons between the 1st Generation Prototype and the design changes in the 2nd
Generation Prototype Design



Test the solenoid components



Test the setup and breakdown times of the pillow speakers in the frame



Create a cost analysis based on the cost to make the automated tester, the cost to Anacom from
RSI’s due to pillow speaker testing, and the projected injury reduction from the automated
testers
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Provide recommendations based on the analysis and testing of whether to prototype this 2nd
generation design, or determine whether significant design changes need to be made in a 3rd
generation design before being prototyped

The solution approach was to formulate what devices and technologies could accomplish the
design and performance goals. Once the approach was narrowed down specific products were
researched to ensure the specification and performance fit. From there certain parts were
purchased for testing, and parts such as the linear actuator and the new metal frame were simply
integrated in the design but not yet purchased. For the linear actuator, a lot of dialogue went on
with the supplier to confirm that the performance requirements were able to be delivered by the
MP3-xHL-SD.

Significant Results
The S-10-50-31-H electromagnetic solenoids proved to be insufficient in delivering the force
requirement needed to press the buttons down. Additionally, larger solenoids that were able to
deliver more force were tested and they also proved deficient. Therefore the recommendation for
the future is to move to pneumatic solenoids. From research done in the literature review,
pneumatic solenoids will be able to deliver much higher force outputs than the electromagnetic
solenoids for the same size. Initially electromagnetic solenoids were chosen because of the noise
issue of pneumatic solenoids; however, ensuring the automated tester actually functions is more
important than the noise constraint. Further research will need to be done to ensure that the
pneumatic solenoids will be able to fit the proper size requirement, provide the proper force
required, and work at a reasonable noise level.
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All other components that were analyzed are able to stay within the design. The linear
actuator, according to the supplier, will be able to meet the time and performance requirements.
The metal frame design should allow for a setup and breakdown time less than 10 seconds
according to the time study performed. The controls, feedback, and interfacing expertise from the
head electrical engineer at Anacom will allow for the system to be fully automated according to
the expectations. All components were confirmed to have the theoretical ability to be fully
integrated into a fully automated system. The only exception is the pneumatic solenoids
recommended above. Further research will need to be done for the next generation model.
The cost analysis shows that creating these automated testers is cost effective based on the
company costs in Quality Control due to RSI‟s. The cost report shows that it is most cost
effective to use one machine. It was always the plan to use just one machine initially and then
based on its effectiveness add additional machines into the testing area. The final
recommendation is to start out with one automated testing machine in the Quality Control area.
Final Recommendation
The final recommendation is to not develop this current 2nd generation prototype design into
a physical prototype model. Because of the nature of the order in which problems need to be
solved in sequence, it is more valuable to use the data, analysis, and recommendations
documented in this report to design a 3rd generation prototype. With the use of pneumatic
solenoids the 3rd Generation design should prove to be functional enough to be physically
prototyped and integrated so that most accurate performance testing can take place.
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Project Theory Reflection
The theory of the topic proved to be different at times from the actual test results especially
in the area of using electromagnetic solenoids. In theory, according to performance charts
distributed by the manufacturers, the solenoids should have performed at a higher force
performance then they did. This further promotes the importance of testing each step of the way
once the components are allocated. This will ensure the calculated performance is equal to the
actual performance. The biggest variable is the linear actuator. Because it is significantly the
most expensive part of all the components and is custom manufactured to order, it is hard to get
any testing done without purchasing the component. For this reason specific data and
performance requirements were brought to the supplier so it could be confirmed their product
could meet the performance and system integration requirements. The true performance of the
linear actuator will not be able to be confirmed until it is purchased.
The order of operations for the design and production of each component are as follows:


The solenoids need to be confirmed as meeting the performance requirements of force
and time.



The linear actuator is purchased to be tested to meet time requirements.



The new frame is put into a final design and manufactured according to the specific
measurements of the chosen solenoids and linear actuator.



Once these three components are integrated the actuator distance measurements can be
taken and the solenoid firing times can start to be programmed for one speaker.



Testing will take place for the one speaker type.
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Once all the requirements are confirmed from the one speaker program, all 78 other
speaker types can be programmed for their specific linear distance and solenoid timing
requirements.
Based on these steps only the first step was approached and it was concluded a design

change needed to be made. From the above list it seems as though only the surface has been
scratched, however, through this project certain essential design breakthroughs were addressed to
move forward. All the questions on whether an automated system would even be possible were
addressed, the current state process was documented, and components were chosen. Because of
all this progress a full life cycle for the development of this automated tester has been
documented within this project. The next step is simply following this development plan that was
created.
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Appendix
Appendix A: 1st Generation Prototype Pictures

1st Generation Prototype top view picture

1st Generation Prototype interior view
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1st Generation Prototype with Pillow Speaker fit in

1st Generation Prototype Solenoid Tips
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1st Generation Prototype Solenoid Layout View 1
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1st Generation Prototype Solenoid Layout View 2
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Appendix B: Layouts of Button Arrays, Pillow Speakers, and Solenoid Layout

B

D

C

E

F

G

I

H

21

11

J

Solenoid Row 2

22

12

On Step 5 the solenoid layout will line up over
buttons E, G, H, I, and J. The solenoids in Row 1
will fire first in the order of 11, 12, and 13 or H, I,
and J. Next the solenoids in Row 2 will fire in
order of 21 and 22 or button E and G.

13

Solenoid Row 1

Visual Layout of main button array and interaction with solenoid staggered layout
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39.84mm

B

D

C

E

F

G
21.32mm

H

14.37mm

I

J

14.37mm

Distance Measurements figure of main pillow speaker array
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Format of 79 pillow speaker combinations
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Appendix C: Solenoid and Linear Actuator Solid Models and Performance Information

MP3-xHL-SD Solid Model Sheet
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S-10-50-H Electro Magnetic Tubular Push Solenoid
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Appendix D: Solenoid and Linear Actuator Time Requirements Graph
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Appendix E: Pillow Speaker Testing Current State Documentation

Pillow Speaker Testing Work Steps

Two types of Test: Analog and Digital
The Digital test requires programming and takes more time.

Analog:
Step 1:
Check the paperwork to see what type of pillow speaker is being tested by checking the part number (Figure 12). The first character on the part
number will either be an ‘A’ or a ‘B’. There is an ‘A’ binder (Figure 13) for work directions starting with ‘A’ and a ‘B’ binder for work directions
starting with ‘B’ (Figure 14).

Figure 12
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Figure 13

Figure 14

Step 2:
Check the back of the pillow speaker being tested and confirm that the part number (Figure 15) on the back is the same as the paperwork part
number.
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Figure 15

Step 3:
In the appropriate binder find the page for the work directions for the part number you are working with. Once this page (Figure 16) is found
leave it open and follow the directions.
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Figure 16

Step 4:

61

[Type text]
Check the connector to ensure the appropriate connector is being used. The connectors can be found in the drawers (Figure 17) on top of the
work bench. Each connector is labeled with its connector number. Once the appropriate connector has been allocated, plug it into the
appropriate switch on the white panel testing board (Figure 18).

Figure 17

Figure 18

Step 5:
Program the number into the black box (Figure 19). If the programmed number matches the pillow speaker a signal will show they match. If the
programmed number is not the same as the pillow speaker a different signal will show they do not match. Do not continue testing with this
speaker.
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Figure 19

Step 6:
Plug into the black box (Figure 20). Check the LED. Flick the switch (in the top right corner) for volume test. There are two types of audio tests
that must be run. One is to let a constant beeping noise come through and test the toggling of the volume by going up and down (Figure 21). The
second is to test music coming through the speaker and listening to make sure the sound is good quality.

Figure 20
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Power

Beep

Music

Toggle Switches
for Ohmeter Test

Figure 21

Step 7:
Check the nurse button. A green light on the panel will show if the nurse button is working. Check the TV button(s) by observing the light LED
signal. A green light will appear on the white panel testing board if the button is working and a red light will appear if it is not working.

Step 8:
Unplug the pillow speaker from the tester and check the outside casing to make sure there are no damages or irregularities and that all the
screws are tightened in. Once it has passed this inspection place the speaker on the finished inspections rack area (Figure 22) (not actually a
designated area; chosen by the technician). Move on to the next pillow speaker in the batch for testing.
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Figure 22

Digital:
The digital component steps for testing are similar to the analog in almost every area with the exception of a programming step, an oscilloscope
checking step, and a sticker labeling step.
Programming Step (between steps 5 and 6):
According to the work instructions in the binder plug the appropriate yellow leads onto the correct clamps on the Program Box (Figure 23) (black
box with yellow connectors). (The programming is dependent on customer needs) In the paperwork find the section that tells what needs to be
programmed onto the device. The programming directions will be given within the work instructions (or maybe the paperwork).
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Figure 23

Oscilloscope Test Step (After programming step):
Next test the wave pattern on the oscilloscope (Figure 24) while pressing the programmed button. A hand sketched sheet (Figure 25) graphs
what the wave pattern should look like to meet the requirements. (Not sure if anything else needs to be switched or not, or if something is
plugged in someplace different)
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Figure 24

Figure 25

Labeling Step (In the middle of step 8):
Take off the appropriate sticker (Figure 26) according to the programming type performed and place on the back of the pillow speaker.
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Figure 26

Ohmmeter Test:
Some speakers have a special resistor that needs to be tested. This Ohmmeter test is to be done some time around Step 8.
According to the paperwork if it is labeled as having a resistor an ohmmeter test must be conducted. Place the ohmmeter (Figure 27) clamp
around the pin in the hole on the side of the pillow speaker and confirm that the resistance is the same as described in the paperwork.
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Figure 27
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